ABSTRACT Maximum aerobic power (V02 max), maximum anaerobic power (AP max), submaximal exercise heart rate (HRsub), and performance times for distances of 15m, 600m, 3.22km, and 10km were evaluated in 12 male runners prior to and after 7 weeks of a running programme at each individual's maximum steady-state (MSS) pace. MSS pace, a runnning speed at which blood lactate is believed to equal 2.2 mmol.l-1, was calculated from weekly 3.22 km runs utilising the regression equation of LaFontaine et al (1981) . During the training period, the mean MSS pace increased 11.3% from 3.76 to 4.19 m.s-1. Body weight and maximal exercise heart rate were unaffected by MSS training. However, MSS training was associated with increases (p < 0.05) in absolute V02 max (8.9%) and V02 max relative to body weight (8.1%), absolute AP max (3.7%) and AP max, relative to body weight (4.3%); decreases in resting HR (5.4%) and HRsub (6.9%); and decreases in performance times for runs of 15m (1.8%),600m (4.4%),3.22km (9.6%), and 10km (12.1 %). MSS paces determined prior to the pre-and post-training 10km races were significantly related to the pre-training (r = 0.98) and post-training 10km (r = 0.95) performance paces. Pretraining MSS pace, maximal aerobic power, and performance times for the 3.22km and 10km distances were highly related to improvements in MSS pace and performance times for the 3.22km and 10km runs. Our findings indicate that training at MSS pace is an effective method to increase maximal aerobic and anaerobic power, and decrease performance times for short-and middle-distance running events. Pre-training running performance may predict the magnitude of improvement due to MSS pace training.
INTRODUCTION
A number of regression equations which establish an individual's maximum steady-state (MSS) running speed have been developed for distances from 3.22 to 20km (LaFontaine et al, 1981) . MSS running velocity is defined as the running pace at which the blood lactate is approximately 2.2 mmol.l-1, and it has been suggested that the MSS pace is the optimal running speed for training and racing (LaFontaine et al, 1981; Londeree and Ames, 1975) . Support for the MSS concept comes from studies in which distance running pace and performance are related to blood lactate levels (Costill et al, 1973; Farrell et al, 1979; Komi et al, 1981; Kumagai et al, 1982) Sjodin and Jacobs, 1981; Williams et al, 1967) . However, the effectiveness of training at MSS pace on measures of maximum aerobic and anaerobic power and on performance times for short-and middle-distance running events is not known. At this time, no studies have attempted to evaluate the MSS training concept in a field setting.
Since, it has been reported that MSS pace and performance pace for distances between 3.22km and 16.09km are highly related, we decided to use the MSS equation for 3.22km from a recent investigation to establish weekly MSS training paces (LaFontaine et al, 1981) . In addition, the diversified training histories and levels of maximal aerobic power of our subjects allowed us the opportunity to examine how MSS training would effect runners with different performance potentials. Therefore, the purpose of this study was to evaluate the effectiveness of MSS pace training on selected measures of maximal aerobic and anaerobic power and on performance times for short-and middle-distance runs in a group of male runners.
METHODS AND PROCEDURES
Twelve males, members of a university cross-country team, volunteered to participate in this study. Six of the subjects, designated experienced runners, were welltrained and had a history of sustained aerobic conditioning. Three of these runners had at least three years of continuous high volume training and racing experiences, while the other three subjects had at least one year of high volume training and competitive races. The six remaining subjects were novice or recreational runners who had little to no competitive experience. The physical characteristics and training indices of the subjects are presented in Table 1 . In our study, maximum oxygen uptake (V02 max) was determined utilising a treadmill test protocol (Bruce, 1971 (Katch et al, 1974) . A microswitch mounted on the frame and wired to an event marker recorded the total number of pedal revolutions.
All pre-and post-training field performance tests were conducted on a 400 metre all-weather (Chevron 400 surface) track and included the 15m, 600m, 3.22km and 10km run. During the 15m run, the runners were timed as they ran between microswitches after a 50m running start. During the 600m, 3.22km and 10Okm runs, the subjects were instructed to run as fast as possible utilising the inside lane of the 400m track.
The Wilcoxon matched-pairs signed-ranks test was utilised to evaluate pre-and post-test scores for all test measures (Siegel, 1956 ). An For all runners combined, absolute AP max increased significantly from 516 to 535W (3.7%), while AP max, relative to body weight increased from 7.66 to 8.00 W.kg-1 (4.3%). MSS training produced significant decreases in performance times for the 15m run from 1.69 to 1.66s (1.8%), and for the 600m run from 95 to 91s (4.2%). In addition, 3.22km run performance time decreased from 759 to 686s (9.6%), while 10km performance time decreased from 2902 to 2552s (12.1%). For the experienced runners, 3.22km and 10km performance times decreased by 4.3% and 6.7%, respectively, while for the novice runners these decreases were 13.6% and 15.8%, respectively. Furthermore, pre-training 10km and 3.22km performance time, V02 max-BW, and MSS pace were significantly related to decreases in performance times for the 3.22km and 10km runs and in MSS pace (Table IV) , but unrelated (p > 0.05) to changes in AP max and AP max.kg-', and 15m and 600m performance times. In addition, we found that maximal aerobic power, MSS for the 3.22km runs, and performance times for the 3.22km and 10km runs prior to MSS training were good predictors of improvement in MSS training pace and improvement in performance times for 3.22km and 10km, but poor predictors (p > 0.05) of improvement in the anaerobic (AP max and 15m) and anaerobic-aerobic (600m) performance events. The experienced runners improved their V02 max-BW, MSS training pace, and performance times for the 3.22km and 10km runs by 5.8%, 4.9%, 4.2% and 6.7%, respectively, while in the novice runners these improvements were 11.1%, 20.0%, 13.6% and 15.8%, respectively. Thus, the maximal aerobic power capacity of a runner appears to be an important indicator of the effectiveness of MSS training.
Our findings support the view that endurance training increases V02 max and decreases performance times for distance running events and that the magnitude of improvement of these measures of maximal aerobic power are dependent upon the pre-training level of V02 max. The significant relation between maximal aerobic power and improvement in performance times for the middle-distance running events suggests that MSS training may be more effective for individuals with an initially low level of maximal aerobic power. The increase in running performance of the novice runners was accompanied by increases in \02 max as well as increases in AP max, while the improvements in running performance of the experienced runners was mediated by an increased V02 max. Thus, our findings suggest that this disproportionate effect may be due to the lack of increase in AP max of the experienced runners.
It is known that highly conditioned athletes are able to produce and tolerate higher exercise lactate levels than less conditioned individuals (Astrand and Rodahl, 1977) . In addition, it has been suggested that training at a blood lactate level of 4.0 mmol.1-1 is a more appropriate exercise intensity for the improvement of cardiorespiratory functional capacity (Kinderman et al, 1979; Sjodin and Jacobs, 1981; Yoshida et al, 1980) . Furthermore, it has been suggested that runners might require "endurance-interval" training programmes equivalent to 90 to 100% of 72 max in order to increase the anaerobic threshold and produce improvements in performance (MacDougall and Sale, 1981) . For some runners the LaFontaine 3.22km equation may predict a running pace which is too low of an intensity for optimal gains in cardiovascular endurance. It may be that runners with high maximal aerobic power and a wellestablished training foundation must work at higher blood lactate values. Additional high intensity "enduranceinterval" training which produces higher blood lactate levels may be necessary for those runners who demonstrate little or no improvement with MSS training.
Parenthetically, it must be remembered that the regression equations developed by LaFontaine et al (LaFontaine et al, 1981) are specific for the subjects from which they were derived. Compared to LaFontaine's subjects, our subjects were younger, and more heterogeneous for V02 max and training history. For this reason, prediction of specific MSS running paces from the regression equations of LaFontaine et al should be made with caution. These regression equations should be considered only as general predictors of a MSS training pace.
In conclusion, utilisation of the LaFontaine 3.22km group.bmj.com on June 8, 2017 -Published by http://bjsm.bmj.com/ Downloaded from equation to determine MSS training pace can be considered a practical method of determining an individual's training pace for the 10km distance, and as an effective method to increase maximal anaerobic and aerobic performance. However, MSS training for the 10km distance will have its greatest effect on runners with a low V02 max, while runners with a high V02 max may need to work at a higher level of their maximal aerobic power.
